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SEMICONDUCTOR LIGHT EMITTING
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of Korean Patent
Application No. 10-2014-0012243 filed on Feb. 3, 2014,
with the Korean Intellectual Property Office, the disclosure
of which is incorporated herein by reference.

BACKGROUND

The present disclosure relates to a semiconductor light
emitting device.

Light Emitting Diodes (LEDs) have many advantages
such as relatively long lifespans, low degrees of power
consumption, rapid response speeds, environmental friend-
liness, and the like, compared to related art light sources. To
this end, LEDs have been widely seen as next generation
lighting sources, and have come to prominence as an impor-
tant type of light source for use in various products, such as
general lighting devices and in the backlights of display
devices. In particular, LEDs based on Group III nitrides,
such as GaN, AlGaN, InGaN, InAlGaN, and the like,
commonly serve as semiconductor light emitting devices
outputting blue or ultraviolet light.

Recently, as LEDs have come into widespread use, the
utilization thereof has extended to light sources of devices
for use in high current and high output applications. Demand
for LEDs for use in high current and high output applications
has spurred ongoing research into improvements in light
emitting characteristics in the art. In particular, in order to
increase luminous efficiency through enhancements in crys-
tallinity and increases in light emitting areas, semiconductor
light emitting devices having light emitting nanostructures
and manufacturing techniques therefor have been proposed.

SUMMARY

An aspect of the present disclosure may provide a semi-
conductor light emitting device having a reduced leakage
current and an enhanced light output.

According to an aspect of the present disclosure, a semi-
conductor light emitting device may include: a first conduc-
tivity-type semiconductor base layer; a mask layer disposed
on the first conductivity-type semiconductor base layer and
including a graphene layer with a plurality of openings
exposing the first conductivity-type semiconductor base
layer; and a plurality of light emitting nanostructures dis-
posed on the openings and each including a first conductiv-
ity-type semiconductor core, an active layer, and a second
conductivity-type semiconductor layer.

The mask layer may include the graphene layer and at
least one insulating layer disposed above or below the
graphene layer.

The at least a portion of the at least one insulating layer
may be crystalline.

The mask layer may include first, second, and third layers
sequentially stacked on the first conductivity-type semicon-
ductor base layer, and the second layer may be the graphene
layer, and each of the first and third layers may be oxide
layer or nitride layer.

The oxide layer may include at least one of SiO,, Al,O;,
Zr0, and TiO,, and the nitride layer may include at least one
of SiN, SiON, TiN, TiAIN, TiSiN, and AIN.
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The mask layer may include a first nitride layer, a first
graphene layer, an oxide layer, a second graphene layer, and
a second nitride layer sequentially stacked on the first
conductivity-type semiconductor base layer.

A thickness of the oxide layer may be greater than
thicknesses of the first and second nitride layers.

The graphene layer may include graphene in the form of
a quantum dot.

The graphene layer may be a monolayer graphene or a
multilayer graphene.

The graphene layer may include graphene of which at
least a portion is oxidized.

A thickness of the mask layer may range from 160 nm to
240 nm.

The plurality of light emitting nanostructures may further
include a high resistive layer disposed to be in contact with
the active layer.

The semiconductor light emitting device may further
include a transparent electrode layer positioned on the
second conductivity-type semiconductor layer.

According to another aspect of the present disclosure, a
semiconductor light emitting device may include: a first
conductivity-type semiconductor base layer; a mask layer
disposed on the first conductivity-type semiconductor base
layer and including two or more layers formed of different
materials with a plurality of openings exposing the first
conductivity-type semiconductor base layer; and a plurality
of light emitting nanostructures disposed on the openings
and each including a first conductivity-type semiconductor
core, an active layer, and a second conductivity-type semi-
conductor layer.

The mask layer may include at least one graphene layer.

According to another aspect of the present disclosure, a
backlight unit may include: a substrate; a light source
mounted on the substrate; and an optical sheet disposed
above the light source, wherein the light source includes the
light emitting device.

According to another aspect of the present disclosure, a
semiconductor light emitting device may include: a first
conductivity-type semiconductor base layer; a mask layer
disposed on the first conductivity-type semiconductor base
layer and including a stress alleviating layer with an opening
exposing the first conductivity-type semiconductor base
layer; and a light emitting nanostructure disposed on the
opening and including a first conductivity-type semiconduc-
tor core, a high resistive layer, an active layer, and a second
conductivity-type semiconductor layer.

The high resistive layer may be deposed between the first
conductivity-type semiconductor core and the active layer.

The high resistive layer may be deposed on the active
layer.

The high resistive layer may be configured to block
leakage current generated in an upper portion of the first
conductivity-type semiconductor core.

BRIEF DESCRIPTION OF DRAWINGS

The above and other aspects, features and other advan-
tages of the present disclosure will be more clearly under-
stood from the following detailed description taken in con-
junction with the accompanying drawings, in which:

FIG. 1 is a cross-sectional view schematically illustrating
a semiconductor light emitting device according to an exem-
plary implementation of the present disclosure;
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FIGS. 2A and 2B are cross-sectional views schematically
illustrating mask layers employable in a semiconductor light
emitting device according to an exemplary implementation
of the present disclosure;

FIG. 3 is a cross-sectional view schematically illustrating
a semiconductor light emitting device according to another
exemplary implementation of the present disclosure;

FIG. 4 is a cross-sectional view schematically illustrating
a semiconductor light emitting device according to another
exemplary implementation of the present disclosure;

FIGS. 5A through 5F are cross-sectional views schemati-
cally illustrating a method of manufacturing a semiconduc-
tor light emitting device according to an exemplary imple-
mentation of the present disclosure;

FIGS. 6A and 6B are microscopic images of a first
conductivity-type semiconductor core based on a method for
manufacturing a semiconductor light emitting device
according to an exemplary implementation of the present
disclosure;

FIG. 7 is a cross-sectional view schematically illustrating
a semiconductor light emitting device according to another
exemplary implementation of the present disclosure;

FIG. 8 is a cross-sectional view schematically illustrating
a semiconductor light emitting device according to another
exemplary implementation of the present disclosure;

FIGS. 9 and 10 are views illustrating examples of pack-
ages employing a semiconductor light emitting device
according to an exemplary implementation of the present
disclosure;

FIGS. 11 and 12 are examples of backlight units employ-
ing a semiconductor light emitting device according to an
exemplary implementation of the present disclosure;

FIG. 13 is a view illustrating an example of a lighting
device employing a semiconductor light emitting device
according to an exemplary implementation of the present
disclosure; and

FIG. 14 is a view illustrating an example of a headlamp
employing a semiconductor light emitting device according
to an exemplary implementation of the present disclosure.

DETAILED DESCRIPTION

Hereinafter, exemplary implementations of the present
disclosure will be described in detail with reference to the
accompanying drawings.

The disclosure may, however, be exemplified in many
different forms and should not be construed as being limited
to the specific implementations set forth herein. Rather,
these implementations are provided so that this disclosure
will be thorough and complete, and will fully convey the
scope of the disclosure to those skilled in the art.

In the drawings, the shapes and dimensions of elements
may be exaggerated for clarity, and the same reference
numerals will be used throughout to designate the same or
like elements.

FIG. 1 is a cross-sectional view schematically illustrating
a semiconductor light emitting device according to an exem-
plary implementation of the present disclosure.

Referring to FIG. 1, a semiconductor light emitting device
100 includes a substrate 101, and a first conductivity-type
semiconductor base layer 120, a mask layer 130, light
emitting nanostructures 140, a transparent electrode layer
150, and a filler layer 160 formed on the substrate 101. Each
light emitting nanostructure 140 includes a first conductiv-
ity-type semiconductor core 142, an active layer 144, and a
second conductivity-type semiconductor layer 146 grown on
the first conductivity-type semiconductor base layer 120.
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4

The semiconductor light emitting device 100 may further
include first and second electrodes 170 and 180 electrically
connected to the first conductivity-type semiconductor base
layer 120 and the second conductivity-type semiconductor
layer 146, respectively.

In the present disclosure, unless otherwise mentioned,
directionality in terms such as “upper portion’, ‘upper sur-
face’, ‘lower portion’, ‘lower surface’, ‘lateral surface’, and
the like, is determined based on the drawings, and in
actuality, the terms may be changed according to a direction
in which a device is disposed.

The substrate 101 may be provided as a semiconductor
growth substrate and may be formed of an insulating, a
conductive, or a semiconductive material such as sapphire,
SiC, MgAl,O,, MgO, LiAlO,, LiGa0,, GaN, or the like. A
sapphire substrate is a crystal having Hexa-Rhombo R3c
symmetry, of which lattice constants in c-axial and a-axial
directions are approximately 13.001A and 4.758 A, respec-
tively, and has a C-plane (0001), an A-plane (11-20), an
R-plane (1-102), and the like. In this case, the C-plane of
sapphire crystal allows a nitride thin film to be relatively
easily grown thereon and is stable at high temperatures, so
the sapphire substrate is commonly used as a nitride growth
substrate. Meanwhile, in a case in which the substrate 101 is
formed of silicon (Si), it may be more appropriate for
increasing a diameter and is relatively low in price, facili-
tating mass-production.

A depression and protrusion pattern may be formed on a
surface of the substrate 101 to enhance light extraction
efficiency. However, a shape of the depression and protru-
sion pattern is not limited to that illustrated in the drawing.
According to another exemplary implementation, a buffer
layer may be further disposed on the substrate 101 in order
to enhance crystallinity of the first conductivity-type semi-
conductor base layer 120. The buffer layer may be formed
of, for example, Al,Ga, N grown at a low temperature
without being doped.

The substrate 101 may be removed to be omitted accord-
ing to another exemplary implementation. For example, in a
case in which the semiconductor light emitting device 100 is
mounted on an external device such as a package board in
a flipchip manner, the substrate 101 may be omitted, and
even when silicon (Si) is used as a material of the substrate
101, the substrate 101 may be omitted.

The first conductivity-type semiconductor base layer 120
may be disposed on the substrate 101. The first conductivity-
type semiconductor base layer 120 may be formed of a
Group III-V compound, for example, GaN. The first con-
ductivity-type semiconductor base layer 120 may be, for
example, n-GaN doped with an n-type impurity.

In the present exemplary implementation, the first con-
ductivity-type semiconductor base layer 120 may be com-
monly connected to one sides of the respective light emitting
nanostructures 140 to serve as a contact electrode, as well as
providing crystal planes for growing the first conductivity-
type semiconductor core 142.

The mask layer 130 is disposed on the first conductivity-
type semiconductor base layer 120. The mask layer 130 may
include graphene and configured as two or more layers
formed of different materials. The mask layer 130 may
include a plurality of openings H exposing portions of the
first conductivity-type semiconductor base layer 120. The
diameter, length, position, and growth conditions of the light
emitting nanostructures 140 may be determined according to
the size of the plurality of openings H. The plurality of
openings H may have various shapes such as a circular
shape, quadrangular shape, hexagonal shape, and the like.
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In the present exemplary implementation, the mask layer
130 may include first to fifth layers 132 to 136 sequentially
stacked on the first conductivity-type semiconductor base
layer 120. The second and fourth layers 133 and 135 may be
graphene layers, and the first, third, and fifth layers 132, 134,
and 136 may be an oxide layer or a nitride layer. For
example, the first and fifth layer 132 and 136 may be nitride
layers, and the third layer 134 may be an oxide layer. Also,
among the first, third, and fifth layer 132, 134, and 316, the
first and fifth layers 132 and 136 disposed in the lowermost
portion and the uppermost portion may be insulating layers.

The graphene layer may be configured as a graphene
monolayer or graphene multiple layers. Graphene refers to
a two-dimensional (2D) thin film having a honeycomb
structure formed of a layer of carbon atoms and has a
structure of a 2D carbon hexagonal plane formed as carbon
atoms are chemically bonded by an sp® hybrid orbital. A
thickness of a graphene monolayer is merely equivalent to a
size of one carbon atom, approximately 0.34 nm. Graphene
has excellent heat conductivity quality, thermal stability, and
high elasticity. In detail, graphene may stably retain its
properties even at high temperatures of 1000° C. or higher,
and since graphene is stretchable, graphene may be applied
to various electronic devices. The nitride layer may include
at least one of SiN, SiON, TiN, TiAIN, TiSiN, and AIN. The
oxide layer may include at least one of SiO,, Al,O;, ZrO,
and TiO,.

The first to fifth layers 132 to 136 may have first to fifth
thicknesses T1 to T5 in sequence, respectively. In a case in
which the first and fifth layers 132 and 136 are nitride layer
and the third layer 134 is an oxide layer, the first and fifth
thicknesses T1 and T5 may be smaller than the third
thickness T3. Also, the second and fourth thicknesses T2 and
T4 of the second and fourth layers 133 and 135, graphene
layers, may be substantially equal or similar to each other.
However, relative thicknesses of the first to fifth layers 132
to 136 are not limited thereto and may be variously modi-
fied. The mask layer 130 may have a total thickness ranging
from approximately 160 nm to 240 nm, and the total
thickness may be varied depending on a size, or the like, of
the first conductivity-type semiconductor core 142.

In the present exemplary implementation, the mask layer
including the second and fourth layers 133 and 135 as
graphene layers having high elasticity may serve as a buffer
alleviating stress acting on the first, third, and fifth layers
132, 134, and 136 during a growth process of the light
emitting nanostructures 140. Also, even when at least a
portion of the first, third, and fifth layers 132, 134, and 136
is crystallized during a follow-up high temperature process,
since the second and fourth layers 133 and 135, graphene
layers, are insertedly positioned to form heterointerfaces,
formation of a leakage path through a grain boundary may
be prevented. Thus, although currents are concentrated on a
lower portion of the light emitting nanostructures 140, a
leakage current may be effectively blocked in the vicinity of
the mask layer 130.

The plurality of light emitting nanostructures 140 may be
disposed in positions corresponding to the plurality of
openings H. The light emitting nanostructures 140 may have
a core-shell structure including the first conductivity-type
semiconductor core 142 grown on regions of the first
conductivity-type semiconductor base layer 120 exposed by
the plurality of openings H, the active layer 144 sequentially
formed on a surface of the first conductivity-type semicon-
ductor core 142, and the second conductivity-type semicon-
ductor layer 146.
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The first conductivity-type semiconductor core 142 and
the second conductivity-type semiconductor layer 146 may
respectively be formed of semiconductor doped with an
n-type impurity and a p-type impurity, but the present
disclosure is not limited thereto and, conversely, the first
conductivity-type semiconductor core 142 and the second
conductivity-type semiconductor layer 146 may respectively
be formed of p-type and n-type semiconductor. The first
conductivity-type semiconductor core 142 and the second
conductivity-type semiconductor layer 146 may be formed
of a nitride semiconductor, e.g., a material having a com-
position of Al,In Ga, N (0O=x=<l, Osy=l, O=x+y=l). Each
of the semiconductor layers 142 and 146 may be configured
as a single layer, or may include a plurality of layers having
different characteristics such as different doping concentra-
tions, compositions, and the like. Here, the first conductiv-
ity-type semiconductor core 142 and the second conductiv-
ity-type semiconductor layer 146 may be formed of an
AllnGaP or AllnGaAs semiconductor, besides a nitride
semiconductor. In the present exemplary implementation,
the first conductivity-type semiconductor core 142 may be
formed of n-GaN doped with silicon (Si) or carbon (C), and
the second conductivity-type semiconductor layer 146 may
be formed of p-GaN doped with magnesium (Mg) or zinc
(Zn).

As illustrated, the width of the first conductivity-type
semiconductor core 142 may be greater than those of the
openings H of the mask layer 130, but the present disclosure
is not limited thereto.

The active layer 144 may be disposed on a surface of the
first conductivity-type semiconductor core 142. The active
layer 144 may be a layer emitting light having a predeter-
mined level of energy according to electron-hole recombi-
nation and formed of a single material such as InGaN, or the
like, or may have a multi-quantum well (MQW) structure in
which quantum barrier layers and quantum well layers are
alternately disposed, and, for example, in case of a nitride
semiconductor, an GaN/InGaN structure may be used. In the
case in which the active layer 144 includes InGaN, since the
content of indium (In) is increased, crystal defects due to
lattice mismatches may be reduced and internal quantum
efficiency of the semiconductor light emitting device 100
may be increased. Also, an emission wavelength may be
adjusted according to the content of indium (In).

The number of light emitting nanostructures 140 included
in the semiconductor light emitting device 100 may not be
limited to that illustrated in the drawings and the semicon-
ductor light emitting device 100 may include, for example,
tens to millions of light emitting nanostructures 140. The
light emitting nanostructures 140 according to the present
disclosure may include a lower hexagonal prism region and
an upper hexagonal pyramid region. In this case, the first
conductivity-type semiconductor core 142 may have lower
m planes and upper r planes, different crystal planes, and
thicknesses of the active layer 144 and the second conduc-
tivity-type semiconductor layer 146 formed in the upper
portions thereof may be different according to the crystal
planes. For example, thicknesses of the active layer 144 and
the second conductivity-type semiconductor layer 146 on
the m planes may be greater than those of the active layer
144 and the second conductivity-type semiconductor layer
146 on the r planes.

Also, according to an exemplary implementation, the light
emitting nanostructures 140 may have a pyramid shape or a
pillar shape. Since the light emitting nanostructures 104
have a three-dimensional shape, a light emitting surface area
is relatively large, increasing luminous efficiency.
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The transparent electrode layer 150 is electrically con-
nected to the second conductivity-type semiconductor layer
146. The transparent electrode layer 150 may cover upper
surfaces and lateral surfaces of the light emitting nanostruc-
ture 140 and may be connected between adjacent light
emitting nanostructures 140. The transparent electrode layer
150 may be formed of, for example, indium tin oxide (ITO),
aluminum zinc oxide (AZ0O), indium zinc oxide (IZ0), ZnO,
GZO (Zn0:Ga), In,0;, SnO,, CdO, CdSnO,, or Ga,O,.

The filler layer 160 may be disposed on the light emitting
nanostructures 140 and the transparent electrode layer 150.
The filler layer 160 may fill spaces between adjacent light
emitting nanostructures 140 and may be disposed to cover
the light emitting nanostructures 140 and the transparent
electrode layer 150 on the light emitting nanostructures 140.
According to another exemplary implementation, an upper
surface of the filler layer 160 may be formed to be uneven
along the light emitting nanostructures 140.

The filler layer 160 may be formed of a light-transmissive
insulating material and include, for example, SiO,, SiNy,
Al,0O,, HfO, TiO,, or ZrO. However, according to another
exemplary implementation, the filler layer 160 may include
a conductive material. In this case, the filler layer 160 may
be formed to be electrically connected to the second elec-
trode 180 or may be integrally formed with the second
electrode 180. The semiconductor light emitting device 100
may be mounted in a flipchip structure such that the first and
second electrodes 170 and 180 face an external board such
as a package board.

According to another exemplary implementation, a pas-
sivation layer may be disposed on the filler layer 160. The
passivation layer may be disposed to expose only upper
surfaces of the first and second electrodes 170 and 180.

The first and second electrodes 170 and 180 may be
disposed on the first conductivity-type semiconductor layer
120 and the transparent electrode layer 150 on one side of
the semiconductor light emitting device 100 such that the
first and second electrodes 170 and 180 are electrically
connected to the first conductivity-type semiconductor layer
120 and the second conductivity-type semiconductor 146,
respectively.

However, dispositions and shapes of the first and second
electrodes 170 and 180 are merely illustrative and may be
variously modified. According to an exemplary implemen-
tation of the present disclosure, in a case that the substrate
101 is formed of a conductive material, the first electrode
170 may be disposed below the substrate 101 or may be
omitted.

The first and second electrodes 170 and 180 may be
formed as a monolayer or may have a multilayer structure of
a conductive material. For example, the first and second
electrodes 170 and 180 may include one or more of Au, Ag,
Cu, Zn, Al, In, Ti, Si, Ge, Sn, Mg, Ta, Cr, W, Ru, Rh, Ir, Ni,
Pd, Pt, and an alloy thereof.

FIGS. 2A and 2B are cross-sectional views schematically
illustrating mask layers employable in a semiconductor light
emitting device according to an exemplary implementation
of'the present disclosure. In FIGS. 2A and 2B, cross-sections
of regions corresponding to the region A of FIG. 1 are
illustrated.

Referring to FIG. 2A, a mask layer 1304 may include first
to fourth layers 132a, 133a, 134a, and 136a sequentially
stacked on the first conductivity-type semiconductor base
layer 120. The second layer 133a may be a graphene layer,
and the first, third, and fourth layers 132a, 1344, and 1364
may be an oxide layer or a nitride layer. Also, the first and
fourth layers 1324 and 1364 may be insulating layers. For
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example, the first and fourth layers 132a and 1364 may be
nitride layers, and the third layer 134¢ may be an oxide
layer.

As in the present exemplary implementation, different
amounts of oxide layers or nitride layers may be disposed
above and below the second layer 1334, the graphene layer.

Referring to FIG. 2B, a mask layer 1305 may include first
to third layers 13256, 1335, and 1345 sequentially stacked on
the first conductivity-type semiconductor base layer 120.
The second layer 1335 may be a graphene layer, and the first
and third layers 13256 and 1345 may be an oxide layer and
a nitride layer, respectively. Also, the first and third layers
1324 and 1345 may be insulating layers.

FIG. 3 is a cross-sectional view schematically illustrating
a semiconductor light emitting device according to another
exemplary implementation of the present disclosure.

In the following drawings, reference numerals identical to
those of FIG. 1 denote the same components, so redundant
descriptions will be omitted.

Referring to FIG. 3, a semiconductor light emitting device
100qa includes a substrate 101, and a first conductivity-type
semiconductor base layer 120, a mask layer 130c¢, light
emitting nanostructures 140, a transparent electrode layer
150, and a filler layer 160 formed on the substrate 101. Each
light emitting nanostructure 140 includes a first conductiv-
ity-type semiconductor core 142, an active layer 144, and a
second conductivity-type semiconductor layer 146 grown on
the first conductivity-type semiconductor base layer 120.
The semiconductor light emitting device 100a may further
include first and second electrodes 170 and 180 electrically
connected to the first conductivity-type semiconductor base
layer 120 and the second conductivity-type semiconductor
layer 146, respectively.

In the present exemplary implementation, the mask layer
130¢ may include first and second layers 132¢ and 133¢, and
the second layer 133¢ may be disposed to be embedded
within the first layer 132¢. For example, the first layer 132¢
may be an insulating layer, and the second layer 133¢ may
be graphene in the form of a quantum dot. According to an
exemplary implementation, the second layer 133¢ may
include 2D graphene layers spaced apart from one another or
may include 3D graphene structures spaced apart from one
another.

FIG. 4 is a cross-sectional view schematically illustrating
a semiconductor light emitting device according to another
exemplary implementation of the present disclosure.

Referring to FIG. 4, a semiconductor light emitting device
1004 includes a substrate 101, and a first conductivity-type
semiconductor base layer 120, a mask layer 130d, light
emitting nanostructures 140, a transparent electrode layer
150, and a filler layer 160 formed on the substrate 101. Each
light emitting nanostructure 140 includes a first conductiv-
ity-type semiconductor core 142, an active layer 144, and a
second conductivity-type semiconductor layer 146 grown on
the first conductivity-type semiconductor base layer 120.
The semiconductor light emitting device 1005 may further
include first and second electrodes 170 and 180 electrically
connected to the first conductivity-type semiconductor base
layer 120 and the second conductivity-type semiconductor
layer 146, respectively.

In the present exemplary implementation, the mask layer
1304 may include first and second layers 1324 and 1334, and
the second layer 1334 may be disposed to be encompassed
by the first layer 132d. For example, the first layer 1324 may
be an insulating layer, and the second layer 1334 may be a
graphene layer. Regions of the second layer 1334 adjacent to
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the openings H may be may be covered by the first layer
132d and not exposed to the sides of the mask layer 1304
through the openings H.

FIGS. 5A through 5F are cross-sectional views schemati-
cally illustrating a method of manufacturing a semiconduc-
tor light emitting device according to an exemplary imple-
mentation of the present disclosure. In FIGS. 5A through 5F,
the method of manufacturing a semiconductor light emitting
device will be described based on the semiconductor light
emitting device of FIG. 1, but semiconductor light emitting
devices of any other exemplary implementations may also
be manufactured in a similar manner.

Referring to FIG. 5A, a depression and protrusion pattern
may be formed on an upper surface of the substrate 101 and
a first conductivity-type semiconductor may be grown on the
substrate 101 to form a first conductivity-type semiconduc-
tor base layer 120.

The first conductivity-type semiconductor base layer 120
may provide a crystal growth surface allowing the light
emitting nanostructures 140 (refer to FIG. 1) to grow
thereon, and may be a structure electrically connecting to
one side of the light emitting nanostructures 140. Thus, the
first conductivity-type semiconductor base layer 120 may be
formed as a semiconductor single crystal having electrical
conductivity, and in this case, the substrate 101 may be a
substrate for crystal growth.

Referring to FIG. 5B, a preliminary mask layer 130P may
be formed on the first conductivity-type semiconductor base
layer 120.

The preliminary mask layer 130P may become a mask
layer 130 as a plurality of openings H (refer to FIG. 1) are
formed in a follow-up process. The preliminary mask layer
130P may include first to fifth layers 132 to 136, and the first
to fifth layers 132 to 136 may be sequentially formed on the
first conductivity-type semiconductor base layer 120.

The first, third, and fifth layers 132, 134, and 136, oxide
layers or nitride layer, may be formed through chemical
vapor deposition (CVD) or physical vapor deposition
(PVD).

The second and fourth layers 133 and 135, graphene
layers, may be formed as a graphene monolayer or multiple
layers, and may be formed through various methods such as
CVD, molecular beam epitaxy (MBE), mechanical exfolia-
tion from graphite crystals, silicon carbide (SiC) crystal
pyrolysis method, and the like. In addition, exfoliation of
highly ordered pyrolytic graphite (HOPG), chemical reduc-
tion of graphite oxide flakes, thermal exfoliation, electro-
static deposition, liquid phase exfoliation of graphite, arc-
discharging, a solvothermal method, and the like, may also
be used.

The graphene layers may be at least partially oxidized
according to an exemplary implementation. For example,
after graphene is formed, a heat treatment may be performed
on the graphene under an oxygen atmosphere at a tempera-
ture ranging from approximately 500° C. to 900° C. to
oxidize at least a portion of the graphene.

Referring to FIG. 5C, a mask layer 130 and a mold layer
190 may be formed, in which a plurality of openings H are
formed.

First, a material for forming the mold layer 190 may be
deposited on the preliminary mask layer 130P and patterned
using an extra mask pattern to form the mask layer 130 and
the mold layer 190. The mask layer 130 and the mold layer
190 may be formed of materials whose etching rates are
different under particular etching conditions, and thus, an
etching process may be controlled when the plurality of
openings H are formed. In detail, the fifth layer 136 (refer to
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FIG. 5B), the uppermost layer, among the plurality of layers
constituting the mask layer 130, and the mold layer 190 may
be formed of different materials, and, for example, in a case
in which the fifth layer 136 is a nitride layer, the mold layer
190 may be formed of a silicon oxide layer.

The sum of thicknesses of the mask layer 130 and the
mold layer 190 may be designed in consideration of an
intended height of the light emitting nanostructures 140
(refer to FIG. 1). Also, the size of the openings H may be
designed in consideration of the size of the light emitting
nanostructures 140.

Referring to FIG. 5D, a first conductivity-type semicon-
ductor may be grown on the exposed regions of the first
conductivity-type semiconductor base layer 120 such that
the plurality of openings H are filled, thus forming a
plurality of first conductivity-type semiconductor cores 142.

The first conductivity-type semiconductor cores 142 may
be formed of, for example, an n-type nitride semiconductor,
and may be formed of a material identical to that of the first
conductivity-type semiconductor base layer 120. The first
conductivity-type semiconductor core 142 may be formed
using metal-organic chemical vapor deposition (MOCVD)
or molecular beam epitaxy (MBE).

In this stage or in a follow-up stage described with
reference to FIG. 5E, a process may be performed at a high
temperature of approximately 700° C. or higher, and thus,
thicknesses of the first, third, and fifth layers 132, 134, and
136 constituting the mask layer 130 may be reduced and
crystallinity of the mask layer 130 may be changed, which
may result in a change in a coefficient of thermal expansion
and stress. However, according to the present exemplary
implementation, since the mask layer 130 includes the
second and fourth layers 133 and 135 as graphene layers,
stress may be alleviated and a path of a leakage current
through grain boundaries of the first, third, and fifth layers
132, 134, and 136 may be blocked.

Referring to FIG. 5E, the mold layer 190 may be removed
to expose the lateral surfaces of the plurality of first con-
ductivity-type semiconductor cores 142, and an active layer
144 and a second conductivity-type semiconductor layer 146
may be formed.

First, the mold layer 190 may be selectively removed with
respect to the mask layer 130 and the first conductivity-type
semiconductor cores 142 to leave the mask layer 130. The
removing of the mold layer 190 may be performed by a wet
etching process, for example. The mask layer 130 may serve
to prevent the active layer 144 and the second conductivity-
type semiconductor layer 146 from being connected to the
first conductivity-type semiconductor base layer 120 in a
follow-up process.

After the mold layer 190 is removed, a heat-treatment
process may be performed to convert crystal planes of the
first conductivity-type semiconductor cores 142 into stable
planes advantageous to crystal growth, such as semi-polar or
non-polar crystal planes. Thus, a width of the first conduc-
tivity-type semiconductor cores 142 may be greater than that
of the openings H, and crystallinity of the first conductivity-
type semiconductor cores 142 may be increased through
regrowth. However, this process may be omitted in consid-
eration of the shape of the openings H and a growth shape
of'the first conductivity-type semiconductor cores 142 based
on the shape of the openings H.

Thereafter, the active layer 144 and the second conduc-
tivity-type semiconductor layer 146 may be sequentially
grown on surfaces of the first conductivity-type semicon-
ductor cores 142. Accordingly, light emitting nanostructures
140 having a core-shell structure may be formed. As
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described above, the active layer 144 and the second con-
ductivity-type semiconductor layer 146 formed on m planes
and r planes of the first conductivity-type semiconductor
cores 142 may have different thicknesses according to a
deposition method.

Also, according to another exemplary implementation, an
electric charge blocking layer may be formed on the active
layer 144. In this case, the active layer 144 may not be
disposed on a sloped surface of the upper end portion of each
of the first conductivity-type semiconductor cores 142, and
the electric charge blocking layer may be disposed instead.
The electric charge blocking layer may serve to prevent
electric charges injected from the first conductivity-type
semiconductor core 142 from being transferred to the second
conductivity-type semiconductor layer 146, rather than
being used for electron-hole recombination in the active
layer 144. The electric charge blocking layer may include a
material having band gap energy greater than that of the
active layer 144. For example, the electric charge blocking
layer may include AlGaN or AllnGaN.

Referring to FIG. 5F, a transparent electrode layer 150
may be formed on the second conductivity-type semicon-
ductor layer 146.

The transparent electrode layer 150 may extend to cover
upper surfaces of the mask layer 130 between adjacent light
emitting nanostructures 140 and may be formed as a single
layer on the plurality of light emitting nanostructures 140.

Thereafter, referring to FIG. 5F together with FIG. 1, the
filler layer 160 may be formed on the transparent electrode
layer 150. According to another exemplary implementation,
the filler layer 160 may be formed as a plurality of layers,
and in this case, the plurality of layers may be formed of
different materials, respectively, or when the plurality of
layers are formed of the same material, the layers may be
formed through different deposition processes. Thereafter, a
region of the first conductivity-type semiconductor base
layer 120 is exposed to form a first electrode 170, and a
second electrode 180 may be formed on the transparent
electrode layer 150.

According to another exemplary implementation, instead
of the transparent electrode layer 150, a reflective electrode
layer may be formed, and the reflective electrode layer may
include silver (Ag) or aluminum (Al). In this case, the
semiconductor light emitting device 101 may be flipchip
mounted on an external device such as a package board.

FIGS. 6A and 6B are microscopic images of a first
conductivity-type semiconductor core based on a method for
manufacturing a semiconductor light emitting device
according to an exemplary implementation of the present
disclosure. FIGS. 6A and 6B illustrate results obtained by
analyzing the first conductivity-type semiconductor cores
142 from the above by a scanning electron microscopy
(SEM).

Referring to FIGS. 6A and 6B, a shape of the first
conductivity-type semiconductor cores 142 is shown, which
have been described above with reference to FIG. 5D, after
a growth process. As a mask layer, the mask layer 130
including the first and fifth layers 132 and 136 of SiN, the
third layer 134 of SiO,, and the second and fourth layers 133
and 135 as graphene monolayers was used. As illustrated,
even in the case of using the mask layer 130 composed of
five layers, the first conductivity-type semiconductor cores
142 was stably grown.

In the case of FIG. 6A, the thickness of the first layer 132
was approximately 30 nm, that of the third layer 134 was
approximately 100 nm, and that of the fifth layer 136 was
approximately 70 nm. In the case of FIG. 6B, the thickness
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of the first layer 132 was approximately 70 nm, that of the
third layer 134 was approximately 100 nm, and that of the
fifth layer 136 was approximately 30 nm.

In the semiconductor light emitting device manufacturing
using the mask layer 130 as described above, a leakage
current was reduced from approximately 214 pA to approxi-
mately 8 uA, compared to the case of using a mask layer as
a SiN monolayer, and a light output was increased from
approximately 23 mW to 42 mW or greater.

FIG. 7 is a cross-sectional view schematically illustrating
a semiconductor light emitting device according to another
exemplary implementation of the present disclosure.

Referring to FIG. 7, a semiconductor light emitting device
100¢ includes a substrate 101, and a first conductivity-type
semiconductor base layer 120, a mask layer 130, light
emitting nanostructures 140q, a transparent electrode layer
150, and a filler layer 160 formed on the substrate 101. Each
light emitting nanostructure 140a includes a first conduc-
tivity-type semiconductor core 142, a high resistive layer
143, an active layer 144, and a second conductivity-type
semiconductor layer 146 grown on the first conductivity-
type semiconductor base layer 120. The semiconductor light
emitting device 100¢ may further include first and second
electrodes 170 and 180 electrically connected to the first
conductivity-type semiconductor base layer 120 and the
second conductivity-type semiconductor layer 146, respec-
tively.

In the present exemplary implementation, a high resistive
layer 143 may be disposed on a sloped surface at the upper
end portion of the first conductivity-type semiconductor core
142. However, according to another exemplary implemen-
tation, the high resistive layer 143 may be disposed on the
active layer 144.

The high resistive layer 143 may be formed of a material
having high electrical resistance to block a leakage current
that may be generated in the upper end portion of the first
conductivity-type semiconductor core 142. For example, the
high resistive layer 143 may be formed of an undoped
semiconductor or a semiconductor doped with an impurity
having a conductivity type opposite to that of the first
conductivity-type semiconductor core 142. For example, in
a case in which the first conductivity-type semiconductor
core 142 is an n-type GaN, the high resistive layer 143 may
be undoped GaN or GaN doped with a p-type impurity such
as magnesium (Mg). However, the high resistive layer 143
may be various compositions according to exemplary imple-
mentations, and may be formed as a layer formed of
AllInGa, . N (0=x<l, O<y<l, O=x+y<l) by additionally
supplying at least one of sources among aluminum (Al) and
indium (In) as in-situ after the first conductivity-type semi-
conductor core 142 is grown.

In the present exemplary implementation, since the semi-
conductor light emitting device 100¢ includes the mask layer
130 and the high resistive layer 143 including a heteroge-
neous interface, a leakage current may be effectively
blocked in both the upper and lower portions of the light
emitting nanostructures 140q.

FIG. 8 is a cross-sectional view schematically illustrating
a semiconductor light emitting device according to another
exemplary implementation of the present disclosure.

Referring to FIG. 8, a semiconductor light emitting device
1004 includes a conductive substrate 109, a first conductiv-
ity-type semiconductor base layer 120a, a mask layer 130,
and light emitting nanostructures 140. Each light emitting
nanostructure 140 includes a first conductivity-type semi-
conductor core 142 grown on the first conductivity-type
semiconductor base layer 1204, an active layer 144, and a
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second conductivity-type semiconductor layer 146. The
semiconductor light emitting device 1004 may further
include a first electrode 170a and second electrodes 180a
and 1805 electrically connected to the first conductivity-type
semiconductor 120a and the second conductivity-type semi-
conductor layer 146, respectively.

The conductive substrate 109 may be formed of a con-
ductive material and may be, for example, a silicon (Si)
substrate or a Si—Al alloy substrate.

The second electrodes 180a and 1805 may include a
contact electrode layer 180a and a bonding electrode layer
1804, and the conductive substrate 109 may be electrically
connected to the contact electrode layer 180a by the bonding
electrode layer 1805. According to another exemplary
implementation, a transparent electrode 150 may further be
disposed to cover the light emitting nanostructures 140 as
illustrated in FIG. 1.

The contact electrode layer 180a may include a material
appropriate for realizing ohmic-contact with the second
conductivity-type semiconductor layer 146 of the light emit-
ting nanostructures 140. The contact electrode layer 180a
may be formed of, for example, GaN, InGaN, ZnO, or a
graphene layer. Also, the contact electrode layer 180a may
include a material such as Ag, Ni, Al, Rh, Pd, I, Ru, Mg, Zn,
Pt, Au, or the like, and may have a structure including two
or more layers such as Ni/Ag, Zn/Ag, Ni/Al, Zn/Al, Pd/Ag,
Pd/Al Ir/Ag. Ir/Au, Pt/Ag, Pt/Al, Ni/Ag/Pt, or the like. In
particular, the contact electrode layer 180a may be formed
as a reflective metal layer in consideration of light extraction
efficiency. In this case, the contact electrode layer 180a may
upwardly reflect light emitted from the active layer 144 and
traveling toward the substrate 109. The bonding electrode
layer 1805 may be, for example, a eutectic metal layer such
as Ni/Sn.

The semiconductor light emitting device 1004 according
to the present exemplary implementation may be manufac-
tured by a process of forming the contact electrode layer
180a, instead of the filler layer 160, and forming the bonding
electrode layer 1805 on the contact electrode layer 180a
during the process as described above with reference to FIG.
5F. Thereafter, the conductive substrate 109 is bonded to the
contact electrode layer 1804, and the substrate 101 (refer to
FIG. 1), a growth substrate of semiconductor layers, on the
first conductivity-type semiconductor 120q, may be
removed. The first conductivity-type semiconductor base
layer 120a according to the present exemplary implemen-
tation may not have a depression and protrusion pattern such
as that of the semiconductor light emitting device 100 of
FIG. 1, but the present disclosure is not limited thereto.

FIGS. 9 and 10 are views illustrating examples of pack-
ages employing a semiconductor light emitting device
according to an exemplary implementation of the present
disclosure.

Referring to FIG. 9, a semiconductor light emitting device
package 1000 may include a semiconductor light emitting
device 1001, a package body 1002, and a pair of lead frames
1003. The semiconductor light emitting device 1001 may be
mounted on the lead frame 1003 and electrically connected
to the lead frame 1003 through a wire W. According to an
exemplary implementation, the semiconductor light emit-
ting device 1001 may be mounted on a different region, for
example, on the package body 1002, rather than on the lead
frame 1003. The package body 1002 may have a cup shape
to improve reflectivity efficiency of light. An encapsulant
1005 formed of a light-transmissive material may be formed
in the reflective cup to encapsulate the semiconductor light
emitting device 1001.
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In the present exemplary implementation, the semicon-
ductor light emitting device package 1000 is illustrated as
including the semiconductor light emitting device 1001
having a structure similar to that of the semiconductor light
emitting device 100 illustrated in FIG. 1. In detail, the
semiconductor light emitting device 100 of FIG. 1 is
mounted in a flipchip structure in which both the first and
second electrodes 170 and 180 are disposed downwardly
toward a mounting board 2010, and in this case, the filter
layer 160 may be formed of a conductive material. However,
according to an exemplary implementation, the semicon-
ductor light emitting device package 1000 may include the
semiconductor light emitting device 100 of FIG. 1 mounted
such that the first and second electrodes 170 and 180 face
upwards, and may also include the semiconductor light
emitting devices 100a, 1005, 100¢, and 1004 according to
the other exemplary implementations as described above
with reference to FIGS. 3, 4, 7, and 8.

Referring to FIG. 10, a semiconductor light emitting
device package 2000 may include a semiconductor light
emitting device 2001, a mounting board 2010, and an
encapsulant 2003. The semiconductor light emitting device
2001 may be mounted on the mounting board 2010 and
electrically connected to the mounting board 2010 through
a wire W and the conductive substrate 109 (refer to FIG. 8).

The mounting board 2010 may include a board body
2011, an upper electrode 2013, and a lower electrode 2014.
Also, the mounting board 2010 may include a through
electrode 2012 connecting the upper electrode 2013 and the
lower electrode 2014. The mounting board 2010 may be
provided as a board such as PCB, MCPCB, MPCB, FPCB,
or the like, and the structure of the mounting board 2010
may be applied to have various forms.

The encapsulant 2003 may be formed to have a lens
structure with an upper surface having a convex dome shape.
However, according to an exemplary implementation, the
encapsulant 2003 may have a lens structure having a convex
or concave surface to adjust a beam angle of light emitted
through an upper surface of the encapsulant 2003.

In the present exemplary implementation, the semicon-
ductor light emitting device package 2000 is illustrated as
including the semiconductor light emitting device 2001
having a structure identical to that of the semiconductor light
emitting device 1004 illustrated in FIG. 8, but it may also
include the semiconductor light emitting devices 100, 100a,
1004, and 100¢ according to the other exemplary implemen-
tations of the present disclosure described above with ref-
erence to FIGS. 1, 3, 4, and 7.

FIGS. 11 and 12 are examples of backlight units employ-
ing a semiconductor light emitting device according to an
exemplary implementation of the present disclosure.

Referring to FIG. 11, a backlight unit 3000 includes light
sources 3001 mounted on a substrate 3002 and one or more
optical sheets 3003 disposed above the light sources 3001.
The semiconductor light emitting device package having the
structure described above with reference to FIGS. 9 and 10
or a structure similar thereto may be used as the light sources
3001. Alternatively, a semiconductor light emitting device
may be directly mounted on the substrate 3002 (a so-called
COB type) and used.

Unlike the backlight unit 3000 in FIG. 11 in which the
light sources 3001 emit light toward an upper side where a
liquid crystal display is disposed, a backlight unit 4000 as
another example illustrated in FIG. 12 is configured such
that a light source 4001 mounted on a substrate 4002 emits
light in a lateral direction, and the emitted light may be made
to be incident to a light guide plate 4003 so as to be
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converted into a surface light source. Light, passing through
the light guide plate 4003, is emitted upwards, and in order
to enhance light extraction efficiency, a reflective layer 4004
may be disposed on a lower surface of the light guide plate
4003.

FIG. 13 is a view illustrating an example of a lighting
device employing a semiconductor light emitting device
according to an exemplary implementation of the present
disclosure.

Referring to the exploded perspective view of FIG. 13, a
lighting device 5000 is illustrated as, for example, a bulb-
type lamp and includes a light emitting module 5003, a
driving unit 5008, and an external connection unit 5010.
Also, the lighting device 5000 may further include external
structures such as external and internal housings 5006 and
5009 and a cover unit 5007. The light emitting module 5003
may include a semiconductor light emitting device 5001
having a structure identical or similar to those of the
semiconductor light emitting devices 100, 1004, 1005, 100c,
and 1004 described above with reference to FIGS. 1, 3,4, 7,
and 8 and a circuit board 5002 on which the semiconductor
light emitting device 5001 is mounted. In the present exem-
plary implementation, it is illustrated that a single semicon-
ductor light emitting device 5001 is mounted on the circuit
board 5002, but a plurality of semiconductor light emitting
devices may be installed as needed. Also, the semiconductor
light emitting device 5001 may be manufactured as a
package and subsequently mounted, rather than being
directly mounted on the circuit board 5002.

The external housing 5006 may serve as a heat dissipation
unit and may include a heat dissipation plate 5004 disposed
to be in direct contact with the light emitting module 5003
to enhance heat dissipation and heat dissipation fins 5005
surrounding the lateral surfaces of the lighting device 5000.
Also, the cover unit 5007 may be installed on the light
emitting module 5003 and have a convex lens shape. The
driving unit 5008 may be installed in the internal housing
5009 and connected to the external connection unit 5010
having a socket structure to receive power from an external
power source. Also, the driving unit 5008 may serve to
convert power into an appropriate current source for driving
the semiconductor light emitting device 5001 of the light
emitting module 5003, and provide the same. For example,
the driving unit 5008 may be configured as an AC-DC
converter, a rectifying circuit component, or the like.

Also, although not shown, the lighting device 5000 may
further include a communications module.

FIG. 14 is a view illustrating an example of a headlamp
employing a semiconductor light emitting device according
to an exemplary implementation of the present disclosure.

Referring to FIG. 14, a headlamp 6000 used as a vehicle
lamp, or the like, may include a light source 6001, a
reflective unit 6005, and a lens cover unit 6004. The lens
cover unit 6004 may include a hollow guide 6003 and a lens
6002. The light source 6001 may include at least one of
semiconductor light emitting device packages of FIGS. 9
and 10. The headlamp 6000 may further include a heat
dissipation unit 6012 outwardly dissipating heat generated
by the light source 6001. In order to effectively dissipate
heat, the heat dissipation unit 6012 may include a heat sink
6010 and a cooling fan 6011. Also, the headlamp 6000 may
further include a housing 6009 fixedly supporting the heat
dissipation unit 6012 and the reflective unit 6005, and the
housing 6009 may have a body unit 6006 and a central hole
6008 formed in one surface thereof, in which the heat
dissipation unit 6012 is coupled. Also, the housing 6009 may
have a front hole 6007 formed in the other surface integrally

10

15

20

25

30

35

40

45

50

55

60

65

16

connected to the one surface and bent in a right angle
direction. The reflective unit 6005 is fixed to the housing
6009 such that light generated by the light source 6001 is
reflected thereby to pass through the front hole 6007 to be
output outwardly.

As set forth above, in the case of the semiconductor light
emitting device according to exemplary implementations of
the present disclosure, a mask is used to form light emitting
nanostructures, and thus, a leakage current may be reduced
and a light output may be increased.

Advantages and effects of the present disclosure are not
limited to the foregoing content and any other technical
effects not mentioned herein may be easily understood by a
person skilled in the art from the foregoing description.

While exemplary implementations have been shown and
described above, it will be apparent to those skilled in the art
that modifications and variations could be made without
departing from the spirit and scope of the present disclosure
as defined by the appended claims.

What is claimed is:

1. A semiconductor light emitting device comprising:

a first conductivity-type semiconductor base layer;

a mask layer disposed on the first conductivity-type
semiconductor base layer and including a graphene
layer with a plurality of openings exposing the first
conductivity-type semiconductor base layer; and

a plurality of light emitting nanostructures disposed on the
openings and each including a first conductivity-type
semiconductor core, an active layer, and a second
conductivity-type semiconductor layer,

wherein the mask layer comprises first, second and third
layers sequentially stacked on the first conductivity-
type semiconductor base layer, and the second layer is
the graphene layer, and each of the first and third layers
is an oxide layer or a nitride layer.

2. The semiconductor light emitting device of claim 1,

wherein a portion of the first and third layers is crystalline.

3. The semiconductor light emitting device of claim 1,
wherein the oxide layer includes at least one of SiO,, Al, O,
Zr0, and TiO,, and the nitride layer includes at least one of
SiN, SiON, TiN, TiAIN, TiSiN, and AIN.

4. The semiconductor light emitting device of claim 1,
wherein the mask layer comprises a first nitride layer, a first
graphene layer, an oxide layer, a second graphene layer, and
a second nitride layer sequentially stacked on the first
conductivity-type semiconductor base layer.

5. The semiconductor light emitting device of claim 4,
wherein a thickness of the oxide layer is greater than
thicknesses of the first and second nitride layers.

6. The semiconductor light emitting device of claim 1,
wherein the graphene layer includes graphene in the form of
a quantum dot.

7. The semiconductor light emitting device of claim 1,
wherein the graphene layer is a monolayer graphene or a
multilayer graphene.

8. The semiconductor light emitting device of claim 1,
wherein a portion of the graphene layer is oxidized.

9. The semiconductor light emitting device of claim 1,
wherein a thickness of the mask layer ranges from 160 nm
to 240 nm.

10. The semiconductor light emitting device of claim 1,
wherein the plurality of light emitting nanostructures further
include a high resistive layer disposed to be in contact with
the active layer.

11. The semiconductor light emitting device of claim 1,
further comprising a transparent electrode layer positioned
on the second conductivity-type semiconductor layer.
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12. A semiconductor light emitting device comprising:

a first conductivity-type semiconductor base layer;

a mask layer disposed on the first conductivity-type
semiconductor base layer and including two or more
layers formed of different materials with a plurality of
openings exposing the first conductivity-type semicon-
ductor base layer; and

a plurality of light emitting nanostructures disposed on the
openings and each including a first conductivity-type
semiconductor core, an active layer, and a second
conductivity-type semiconductor layer,

wherein the mask layer comprises first, second and third
layers sequentially stacked on the first conductivity-
type semiconductor base layer, and the second layer is
the graphene layer, and each of the first and third layers
is an oxide layer or a nitride layer.

13. The semiconductor light emitting device of claim 12,

wherein the mask layer comprises at least two graphene
layer.

14. A backlight unit comprising:

a substrate;

a light source mounted on the substrate; and

an optical sheet disposed above the light source,

wherein the light source includes the light emitting device
of claim 12.
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15. A semiconductor light emitting device comprising:

a first conductivity-type semiconductor base layer;

a mask layer disposed on the first conductivity-type
semiconductor base layer and including an opening
exposing the first conductivity-type semiconductor
base layer; and

a light emitting nanostructure disposed on the opening
and including a first conductivity-type semiconductor
core, a high resistive layer, an active layer, and a second
conductivity-type semiconductor layer sequentially
stacked,

wherein the mask layer comprises first, second and third
layers sequentially stacked on the first conductivity-
type semiconductor base layer, and the second layer is
the graphene layer, and each of the first and third layers
is an oxide layer or a nitride layer.

16. The semiconductor light emitting device of claim 15,
wherein the high resistive layer is deposed between the first
conductivity-type semiconductor core and the active layer.

17. The semiconductor light emitting device of claim 15,
wherein the high resistive layer is deposed on the active
layer.

18. The semiconductor light emitting device of claim 15,
wherein the high resistive layer is configured to block
leakage current generated in an upper portion of the first
conductivity-type semiconductor core.
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